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There are two known pathogens Mycoplasma agassizii and M. testudineum that cause 
upper respiratory tract disease (URTD) in some species of tortoises. Here, we sought to 
determine the presence and frequency of these bacteria among four North American 
tortoise species: Gopherus polyphemus (gopher tortoise), G. berlandieri (Texas tortoise), 
G. morafkai (Sonoran desert tortoise), and G. agassizii (Mojave desert tortoise) in 
populations that were sampled in three replicate sites. We assessed the presence of 
mycoplasmas using quantitative polymerase chain reactions (qPCR) on DNA extractions 
from nasal flushes. The qPCR process showed that both Mycoplasma pathogens were 
present in the four species of tortoises. Statistical analyses indicated that “species” and 
“sample site” were significantly associated with the presence of M. agassizii, while only 
site was significant for the presence of M. testudineum. The Mojave desert tortoise 
populations had the greatest frequency (70%) of M. agassizii, and Texas tortoise 
populations had the greatest percentage (31%) of M. testudineum. Variation among sites 
for M. agassizii was extreme (0% - 88%), but variance was not as prominent for M. 
testudineum (0% - 53%). Additionally, the presence of mycoplasmas in the nasal cavity 
was not a significant predictor for clinical signs of URTD. We conclude that collecting 
samples from more sites could have led to different conclusions, and including additional 
sites would allow for a better picture of current pathogen-tortoise interactions. We also 
recommend including climate data and population density in future analyses. 
Additionally, we suggest rerecording clinical signs of URTD of the tortoises after eight 
weeks from the initial nasal lavage and recording because appearance of clinical signs of 
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 This thesis brings new data to bear on the enigmatic relationships between tortoise 
species in the genus Gopherus, and pathogens that cause upper respiratory tract disease 
(URTD), including Mycoplasma agassizii and M. testudineum. There are five species of 
North American tortoises – Gopherus agassizii, G. morafkai, G. berlandieri, G. 
polyphemus, and G. flavomarginatus, and each species is different in body size, carapace 
shape, and cranial and facial morphology. G. agassizii (the Mojave desert tortoise) is 
distributed in the deserts of southern Nevada, southwestern Utah, and southern California 
(Figure 2). Typically, they are found in densities ranging from 1.2/km2 to 15.1/km2 
(Berry et al., 2013). Their diet includes both native and exotic grasses and forbs (Hazard 
et al., 2009). They are large tortoises with a flat and elongated carapace that may reach up 
to a size of 37 cm. G. morafkai (Sonoran desert tortoise) are comparable in size with G. 
agassizii. Their habitat is adjacent to that of G. agassizii in northwestern Mexico and on 
the east side of the Colorado River in Arizona and California (Figure 2), with an average 
population density of 31/km2 to 39/km2 (Gray & Steidl, 2015). G. berlandieri (Texas 
tortoise) have the smallest body size within the genus. Their carapaces are much smaller 
(22.8 cm maximum) and rounder than the desert tortoises. Primarily, they are found in 
southeastern Texas extending into parts of Mexico (Figure 2) with approximately an 
average of 26 tortoises/km2 (Kazmaier et al., 2001). G. polyphemus (gopher tortoise) are 
large with an elongated and wide shell reaching up to 38 cm. They are found in the 
southeastern states of the U.S., including Louisiana, Mississippi, Alabama, Georgia, 
South Carolina, and most of Florida (Figure 2). Generally, their population density ranges 
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from 12 to 40 tortoises/km2 (Guyer et al., 2012). Finally, G. flavomarginatus (bolson 
tortoise) have the largest body size in the genus, with a carapace length that can exceed 




Figure 1. Photos of North American Tortoises. The top-left corner is G. flavomarginatus 
(bolson tortoise); top-right is G. berlandieri (Texas tortoise); center is G. agassizii 
(Mojave desert tortoise); bottom-left is G. polyphemus (gopher tortoise); bottom-right is 




Figure 2. A map of the distribution of Gopherus tortoises within, but not limited to, the 
shaded areas (figure adapted from Bramble & Hutchison, 2014).  
 
Population Decline and Causes 
 North American tortoise populations have been declining for decades. A study 
was conducted where an initial survey of a desert tortoise population was taken in 1977. 
By 12 years later, roughly half of the population was reduced (Corn, 1994). Several 
threats are thought to be causal, including habitat degradation, destruction, and 
fragmentation (Enge et al., 2006). Habitat disruption is mainly caused by human 
activities such as urbanization, road construction, solar panel farms, and off-road vehicle 
activity. Another factor is invasive exotic plants that can be fuel for wildfires and 
generally provide poorer nutritional value for tortoises. Additionally, predation and 
poaching pose a threat. Human actions tend to ultimately increase the number of 
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predators in an environment which will lead to a more significant decline in tortoise 
populations. Finally, disease – especially URTD – plays a role in population decline of 
tortoises  (Brown et al., 2002; Enge et al., 2006). Clinical signs of URTD include nasal 
discharge, palpebral edema, and lethargy, as well as histological lesions in the nasal 
epithelium and mucosa (Schumacher et al., 1997; Sandmeier et al., 2009).  
 
Mycoplasma Pathogens 
Mycoplasma agassizii and M. testudineum are known to cause URTD in 
Gopherus tortoises (Brown et al., 1994; Brown et al., 2004). Pathogenicity of 
mycoplasmas is not limited to just tortoises, though. More than a dozen species of 
Mycoplasma have been found in humans, such as M. pneumonia, which is found in the 
respiratory tract. Mycoplasma are also known to infect fish, mammals, arthropods, and 
other reptiles. Mycoplasmas tend to inhabit the mucous surfaces of the eyes, respiratory 
tract, alimentary canal, and urogenital tract. Their method of infection is internalization 
into the host cell cytoplasm, and they release hydrolytic enzymes (nucleases, proteases, 
and phospholipases). Because Mycoplasma typically reside inside cells, they can “hide” 
from the host immune system at times, allowing them to establish a state of chronic 
infection (Razin et al., 1998). 
Mycoplasma has been shown to affect the reproduction of Mojave desert tortoise 
populations. Rostal (2014) indicated a time-period, 1991-1993, when URTD spread 
among Mojave desert tortoises in several research pens. The researchers noticed that 
tortoises with low concentrations of antibodies against M. agassizii were able to 
reproduce, but tortoises with high concentrations of antibodies against M. agassizii and 
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severe signs of URTD did not reproduce. However, after nine years of initial testing for 
antibodies, the tortoises that did not reproduce earlier began reproducing again. Although 
studies have shown that URTD affects gopher tortoises, there are no current studies on its 
effect on reproduction in the species. Many desert tortoises in the U.S. are kept in 
captivity. According to Berry et al. (2015), captive tortoises have a high prevalence of 
mycoplasmal URTD compared to ones in the wild. In general, there are not many 
population-level studies on the effects of mycoplasmal URTD, but it may be a disease 
with high morbidity, yet low mortality (Berry & Aresco, 2014).  
 
Purpose and Procedure 
 Here, we expand the scale of ecological research on mycoplasmas. Our primary 
objective is to determine the presence and frequency of two mycoplasmas throughout the 
four species of North American tortoises found in the United States. Our secondary 
purpose is to assess the factors that are significant predictors of the presence of the 
pathogens. There are several methods to detect the presence of Mycoplasma in an 
organism, which include, but are not limited to, enzyme-linked immunosorbent assay 
(ELISA), used to assess the immune response to Mycoplasma, and quantitative 
polymerase chain reaction (qPCR), which can be used to assess the presence of 
Mycoplasma cells (Braun et al., 2014). ELISA involves the indirect measurement of 
antibodies, which indicates exposure to the pathogen through the physiological response 
to the antigen. Advantages of ELISA include high sensitivity, and quick results; however, 
a major disadvantage of ELISA is that a positive test only indicates the exposure to the 
antigen and a physiological response in terms of an immune reaction, but a positive test 
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result does not essentially indicate a current infection (Brown et al., 2002). Although 
URTD may be detected by genetic or immunological assays, detecting clinical signs is 
another approach of diagnosing URTD. Here, we use qPCR, which can produce a 
quantifiable result by counting replicate strands of DNA that are amplified from the PCR. 
The process of qPCR allows for an accurate measurement of determining presence of the 




 Tortoises were captured by Chava L. Weitzman (Ph. D candidate), Franziska C. 
Sandmeier (Ph. D), and additional helpers at three replicate sites for each species. The 
three sites were selected to be distant enough from each other to represent independent 
samples for the host species. Gopher tortoises were captured at University of South 
Florida Forest Preserve (USF), Perdido River Wildlife Management Area in Alabama, 
and Geneva State Forest Wildlife Management Area (Rayonier) in Alabama. Texas 
tortoises were captured at Chaparral Wildlife Management Area (CWMA), east Lower 
Rio Grande Valley National Wildlife Refuge and Laguna Atascosa National Wildlife 
Refuge (East), and west Lower Rio Grande Valley National Wildlife Refuge (West). The 
sites for Sonoran desert tortoises included Sugar Loaf, Silverbell, and Cave Buttes, all of 
which are in Arizona. Mojave desert tortoises were caught at Red Cliffs in Utah, El 
Dorado Valley in Nevada, and Fenner Valley in California (Figure #). Gopher tortoises 
were captured with pitfall traps, live traps, or by hand. The other three species were 
captured by hand. Tortoises were measured, sexed and inspected and recorded for 
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presence of clinical signs (nasal exudate, wheezing, and palpebral edema) of URTD. 
Only the sign of nasal exudate was deemed to be labeled URTD-positive. Raw data on 
the tortoises may be found in Appendix A. 
 To sample the nasal bacteria of tortoises, 1.5 ml of sterile saline solution (0.9% 
NaCl) was injected in each naris (using a 3 mL syringe), and the effluent fluid was 
collected into a sterile cup (a process called nasal lavage). Samples were preserved with 
RNAlater stabilization solution at a ratio of 1 unit RNAlater for each five units of the 
nasal sample. Stabilized samples were kept on ice until returned from the field, and then 
frozen and stored at -20°C.  In a lab at the University of Nevada, Reno, DNA was 
extracted from each sample using Qiagen DNeasy Blood and Tissue Kit and eluted into 
PCR grade water. DNA was stored at -30°C. These procedures were performed by 
Weitzman with some help from Sandmeier and additional helpers.  
 
Lab Work 
I multiplexed 239 qPCR tortoise samples for both M. agassizii and M. 
testudineum. The following primers used in qPCR are specific DNA sequences that 
adhere to their complementary sequence strands (M. agassizii: forward primer [5’3’] – 
GGGTGAGTAACACGTACCTAATCTACCT, reverse primer [5’3’] – 
CCGGTATTAGCAACGGTTTCC; M. testudineum: forward primer [5’3’] – 
GGTGAGTAACACGTACTCAACCTACCT, reverse primer [5’3’] – 
CGGCATTAGCCAAAGTTTCC). Probes adhere between the primers, increasing the 
specificity of the reaction. Probes contain a fluorophore, and when the primer begins to 
elongate, the probe is cleaved and the fluorophore fluoresces, which is detected by the 
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qPCR thermocycler machine to quantify the amplification (M. agassizii: hydrolysis probe 
[5’3’] – VIC-AAAGATCGGAACAACAAT-MGBNFQ; M. testudineum: hydrolysis 
probe [5’3’] – 6FAM-ACAGACTGGAATAACCA-MGBNFQ; Braun et al., 2014). 
qPCRs were run with 25 μL reactions containing 12.5 μL SsoAdvanced Universal 
Probes Supermix Taq polymerase, 2 μL (10 μM) forward and reverse primers for both 
Mycoplasmas, 0.25 μL (10 μM) probes for both species, 1.5 μL H2O, and 2.5 μL of the 
template sample. The PCR reactions were conducted under the following conditions: 
50°C for 2 minutes, 95°C for 10 minutes, and 40 cycles of 95°C for 15 seconds, and 60°C 
for 1 minute (Braun et al., 2014). Samples were run in triplicate. Detection of a sample 
with a result at or above the threshold provided a quantification cycle (Cq) value. A lower 
Cq value signified that more of the desired DNA was present in the sample. If a sample 
had at least two Cq values under 40 out of the triplicate runs, then that sample was 
considered to be positive. If only one of the triplicates was positive, then another 
triplicate was run, and a duplication of results (1 or more out of 3) was considered to be 
positive. If a sample was only positive once out of at least two triplicate runs, then the 
sample was considered to be negative. All of the results of the qPCR runs may be found 
in Appendix B. 
 For each qPCR, single thresholds were set for each Mycoplasma species. M. 
agassizii threshold was set at 126.63 and M. testudineum was set at 96.15. These two 
values were determined from a standard dilution run that was conducted by Chava L. 
Weitzman. I ran two logistical regression analyses (LOGIT) in the program, JMP, (1) to 
determine the significance of species and site on pathogen presences within all four 
species and (2) to observe if the presence of M. agassizii and M. testudineum in the nasal 
9 
 
cavity is a significant predictor for the diagnosis of URTD. In the first analysis, species 
and site were used as the independent variables, while the dependent variables were the 
presence of M. agassizii and M. testudineum. In the second analysis, the pathogens were 
considered independent variables, while URTD-positive tortoises were the dependent 




The presence of M. agassizii was significantly predicted by host species (2 = 
26.0; df = 3, p < 0.0001) and by sample site (2 = 63.9; df = 11, p < 0.0001). The 
presence of M. testudineum was not significantly predicted by host species (2 = 4.70; df 
= 3, p = 0.1951), but sample sites were significant predictors (2 = 29.0; df = 11, p = 
0.0003) (Table 1). These results may be due to the fact that Mojave desert tortoises had 
the greatest percentage (70%) of individuals with M. agassizii in their nasal passages, 
compared with the other species (average of 28%), and that Texas tortoises had the 
greatest percentage (31%) of M. testudineum among the other species (average of 20%) 
(Figure 3, Table 2). The second analysis indicated that the presence of M. agassizii (2 = 
1.10, df = 1, p = 0.2961) and M. testudineum (2 = 0.0061, df = 1, p = 0.9375) were not 





Table 1. Chi-square values and P-values on the two analyses performed for the 
determination of significance of species and site on the pathogens, and the 











M. agassizii Species 26.0 3 < 0.0001 
M. agassizii Site 63.9 11 < 0.0001 
M. testudineum Species 4.70 3 0.1951 
M. testudineum Site 29.0 11 < 0.0003 
URTD-positive 
tortoises 
M. agassizii 1.10 1 0.2961 
URTD-positive 
tortoises 
M. testudineum 0.0061 1 0.9375 
 
 
Table 2. Percentages of sampled tortoises that were qPCR positive for M. agassizii and 
M. testudineum in the four species of tortoises in the United States.  
Species 
M. agassizii % Positive Total # of tortoises 
G. polyphemus 30% 88 
G. berlandieri 12% 41 
G. morafkai 43% 51 
G. agassizii 70% 56 
Average 39%  
M. testudineum % Positive Total # of tortoises 
G. polyphemus 15% 85 
G. berlandieri 31% 42 
G. morafkai 19% 42 
G. agassizii 25% 51 




Figure 3. Percentages of sampled tortoises that were qPCR positive for M. agassizii and 
M. testudineum, and coinfections of both pathogens in the four species of tortoises 




The greatest percentage of co-infections of both M. agassizii and M. testudineum 
was in Mojave desert tortoise, but 100% of Texas tortoises that had M. agassizii, also 
contained M. testudineum (Figure 3). Interestingly, the sites of the Mojave desert 
tortoises have the greatest percentage (10%) of URTD-positive tortoises as detected by 
nasal mucous. However, G. berlandieri, G. morafkai, and most of G. polyphemus were 
all URTD-negative (Table 3).  
 The samples that were qPCR positive were variable for M. testudineum and even 
more variable for M. agassizii within each host species (Figure 4). Thus, even though the 
percentages of tortoises having M. agassizii in each of the three sample sites for each host 
species were highest for G. agassizii (ranging from 48% to 88%; Table 4), the variance in 
percent positive within G. morafkai was much greater (ranging from 0% to 76% positive) 
than in all other host species (Table 4). 
The percentages of tortoises with M. testudineum, was much less (about half) as 
was the case with M. agassizii, and the variance in percent positive for M. testudineum 
was not as great as that for M. agassizii, but again the variance was greatest within G. 










Table 3. Percentage of URTD positive tortoises by site. 
 
 










s USF 0% 27 
Perdido 10% 29 
Rayonier 0% 33 










 CWMA 0% 17 
East 0% 13 
West 0% 12 









Sugar Loaf 0% 25 
Silverbell 0% 18 
Cave Buttes 0% 8 










Red Cliffs 14% 21 
El Dorado 0% 17 
Fenner Valley 16% 19 














Figure 4. Variance-to-mean ratios for M. agassizii and M. testudineum in host species in 













Table 4. Percentages of sampled tortoises that were qPCR positive for M. agassizii and 
M. testudineum in each of the sample sites for each host species of tortoises. Also 
presented is the average percent positive for all three sites within each host 




















Site % Positive M. 
agassizii of sample 
number n 
% Positive M. 
testudineum of 










s USF 44% of 27 20% of 25 
Perdido 43% of 28 3% of 29 
Rayonier 6% of 33 23% of 31 










 CWMA 0% of 16 35% of 17 
East 31% of 13 38% of 13 
West 8% of 12 17% of 12 








i Sugar Loaf 76% of 25 
29% of 17 
Silverbell 0% of 18 0% of 17 
Cave Buttes 38% of 8 38% of 8 










Red Cliffs 48% of 21 5% of 21 
El Dorado 88% of 17 53% of 17 
Fenner Valley 78% of 18 23% of 13 




Mycoplasma agassizii and M. testudineum were present in all four species, but 
their frequency among each species varied. M. agassizii was present in 70% of Mojave 
desert tortoises, 43% in Sonoran desert tortoises, 30% in gopher tortoises, and 12% in 
Texas tortoises (Table 2). The frequency of positive samples did not vary as much for M. 
testudineum—25% for Mojave desert tortoises, 19% for Sonoran desert tortoises, 15% 
for gopher tortoises, and 31% for Texas tortoises (Table 2). There is much more variation 
among sites than species. Species and site are significantly associated with the presence 
of M. agassizii in the nasal passage (Table 1). For M. testudineum, only site is significant 
(Table 1). The significance of the species variable for M. agassizii is mainly due to the 
difference between the high of 70% from Mojave desert tortoises and the low of 12% 
from Texas tortoises. Two sites reveal no positive M. agassizii samples in CWMA and 
Silverbell, while three sites have 76% or higher of positive samples (Table 4). This large 
gap of frequency is the likely reason for the significant difference among species for M. 
agassizii. Tortoise species is not a significant predictor for M. testudineum, and the 
variation between sites is not as pronounced but still significant.  
Additionally, the presence of the pathogens in the nasal cavity is not significantly 
related to diagnosis of URTD (Table 1). This deduction may result from the fact that 
other factors may be responsible for the diagnosis of URTD, disease signs may not have 
been exhibited during an intermittent infection, or the disease is related to specific strains 
of the pathogens (Sandmeier et al., 2009; Sandmeier et al., 2013). 100% of Texas 
tortoises had M. agassizii also had M. testudineum, yet none of them showed signs of 




Sandmeier et al. (2009) indicated that there is no direct causal relationship 
between the presence of Mycoplasma pathogens and mortality rates. Our study indicates 
that the prevalence of the Mycoplasma pathogens in the nasal cavity alone does not 
correlate with whether or not the tortoises have clinical signs of URTD (Table 1). 
However, tortoises could have been in a time between infection and immune response 
during the recording of signs of disease (Guthrie et al., 2013). Even though most sites 
contained at least a few tortoises that were positive for M. agassizii and M. testudineum, 
most of the sites did not have tortoises that showed signs of URTD.  
This evidence suggests that there are other factors that cause clinical signs of 
URTD than just the two pathogens in the nasal passage. Sandmeier et al. (2013) 
concluded that colder climates were positively associated with presenting signs of URTD 
in G. agassizii. Therefore, further studies like ours should include more sample sites, data 
on climate, and measures of population density because rates of transmission and 
infection should be related to population density. Additionally, studies like ours should 
conduct another nasal lavage eight weeks after the first lavage, as tortoises may not 
exhibit signs of URTD between those sample times (Guthrie et al., 2013). Future studies 
should also focus on another microorganism thought to cause URTD in tortoises, 
Pasteurella testudinis, and the tortoise immune system because it is not well-studied and 
likely important in understanding URTD in tortoises (Sandmeier et al., 2009).  
Though the use of qPCR is highly sensitive and accurate (≥95% amplification 
efficiency, detection limit of 50 copies for M. agassizii, and >100 copies for M. 
testudineum), the qPCR process is also sensitive to error. Errors during the making of the 
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Master Mix may skew the data. In addition, if an extremely low amount of Mycoplasma 
DNA was present, then the pathogen may not have been able to be detected (Braun et al., 
2014). 
In conclusion, both pathogens were found in the four species of North American 
tortoises (Figure 3). Furthermore, variance was great among sites. A few sites contained 
0% positive tortoises for the pathogens, while some sites had over half of the samples to 
be positive for the pathogens (Table 4). Mojave desert tortoises had the highest 
percentage of positive tortoises for M. agassizii; however, there was no significant 
difference for the percentage present of M. testudineum (Figure 3). Finally, the presence 
of M. agassizii and M. testudineum in the nasal passage are not significant predictors of 
URTD (Table 1).  
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Table A1. Data on North American tortoises, including date, species, site, tortoise ID (e.g. GT# = gopher tortoise #), sex, 
elevation, sign of mucous nares, midline carapace length (MCL), body mass, and lavage and RNAlater volume. Zeros signify a 








































































21-May-13 polyphemus USF GT01 F 22 0 302 4.7 3 1 
21-May-13 polyphemus USF GT02 F 22 0 287 4.25 3 1 
21-May-13 polyphemus USF GT03 F 23 0 321 6.2 3 1 
21-May-13 polyphemus USF GT04 F 23 0 280 4 3 1 
22-May-13 polyphemus USF GT05 F 18 0 312 5.6 3 1 
22-May-13 polyphemus USF GT06 F 18 0 284 4.1 3 1.25 
22-May-13 polyphemus USF GT07 F 25 0 230 2 3 1.5 
22-May-13 polyphemus USF GT08 F 29 0 258 3.3 3 0.75 
22-May-13 polyphemus USF GT09 F 30 0 287 4.35 3 1 







22-May-13 polyphemus USF GT11 F 28 0 307 5.4 3 1.25 
22-May-13 polyphemus USF GT12 F 20 0 321 6.4 3 1 
23-May-13 polyphemus USF GT13 F 31 0 273 3.5 3 1 
23-May-13 polyphemus USF GT14 M 24 0 275 4.3 3 1 
23-May-13 polyphemus USF GT15 F 33 0 293 5.2 3 0.75 
23-May-13 polyphemus USF GT16 M 16 0 256 3.1 3 1 
23-May-13 polyphemus USF GT17 M 27 0 254 3.15 3 1 
24-May-13 polyphemus USF GT18 M 32 0 278 3.65 3 1 
24-May-13 polyphemus USF GT19 F 20 0 274 3.7 3 0.75 
24-May-13 polyphemus USF GT20 F 37 0 317 5.8 3 1 
24-May-13 polyphemus USF GT21 UNK 39 0 125 0.2 3 0.75 
24-May-13 polyphemus USF GT22 UNK 39 0 108 0.1 2.5 0.75 
24-May-13 polyphemus USF GT23 M 25 0 246 2.6 3 1.25 
24-May-13 polyphemus USF GT24 F 48 0 286 4.2 3 1.25 
25-May-13 polyphemus USF GT25 F 28 0 265 4 3 1 
25-May-13 polyphemus USF GT26 F 20 0 302 4.2 3 1.5 
25-May-13 polyphemus USF GT29 M 29 0 274  3 1.5 
20-Apr-15 polyphemus Perdido P01 M 211 
ft 
0 177 1.159 5 2.5 







22-Apr-15 polyphemus Perdido P03 F 64 0 295 5.065 3, 5 .5, 1 
23-Apr-15 polyphemus Perdido P04 UNK 61 0 157 0.7444 3 2 
23-Apr-15 polyphemus Perdido P05 UNK 58 0 85 0.1166 3 1.5 
23-Apr-15 polyphemus Perdido P06 F 64 1 276 3.7091 3 1.75 
23-Apr-15 polyphemus Perdido P07 F 55 1 275 4.7629 3, 5 1.75 
24-Apr-15 polyphemus Perdido P08 M 68 0 276 3.8207 3 1.75 
24-Apr-15 polyphemus Perdido P09 F – not definite 47 0 193 1.2084 3, 5 .5, .5 
25-Apr-15 polyphemus Perdido P10 F 68 0 285 4.728 6 1.5 
25-Apr-15 polyphemus Perdido P11 UNK 66 0 92 0.1505 2 1.5 
26-Apr-15 polyphemus Perdido P12 UNK 70 0 72 0.0798 2 0.25 
2-May-15 polyphemus Perdido P14 F - not definite 55 0 209 1.5966 3 1 
2-May-15 polyphemus Perdido P15 M 44 0 236 2.442 3 1.25 
2-May-15 polyphemus Perdido P16 F - not definite 59 0 190 1.2738 3 0.75 
2-May-15 polyphemus Perdido P17 M 50 0 269 3.8732 3 1.5 
2-May-15 polyphemus Perdido P18 F - not definite 47 1 208 1.7211 3 1.75 
3-May-15 polyphemus Perdido P19 F 61 0 270 4.5488 6 
(2x3mL) 
2.25* 
4-May-15 polyphemus Perdido P20 M 54 0 269 3.5788 3 2.5 
4-May-15 polyphemus Perdido P21 F - not definite 59 0 283 4.436 3 2 







5-May-15 polyphemus Perdido P23 F 51 0 270 3.825 3 2 
5-May-15 polyphemus Perdido P24 F 69 0 274 4.4974 3 2 
5-May-15 polyphemus Perdido P25 F 71 0 293 5.1905 3 2 
6-May-15 polyphemus Perdido P26 M 48 0 212 1.8935 3 1 
6-May-15 polyphemus Perdido P27 M 66 0 240 2.4505 3 2 
6-May-15 polyphemus Perdido P28 M 56 0 235 2.5626 3 1.5 
7-May-15 polyphemus Perdido P29 M 56 0 249 3.1239 3 1.5 
7-May-15 polyphemus Perdido P30 M 69 0 278 4.2506 3 1.5 
9-May-15 polyphemus Rayonier R01 F 97 0 277  3 2 
9-May-15 polyphemus Rayonier R02 M 83 0 203 1.483 3 2 
9-May-15 polyphemus Rayonier R03 M 100 0 255 3.3944 3 2 
9-May-15 polyphemus Rayonier R04 UNK 86 0 135 0.4785 3 2 
10-May-15 polyphemus Rayonier R05 M 78 0 227 2.4196 3 2 
11-May-15 polyphemus Rayonier R06 M 72 0 224 2.2651 3 1.5 
12-May-15 polyphemus Rayonier R07 M 90 0 188 1.2999 3 2.25 
13-May-15 polyphemus Rayonier R08 F 97 0 287 4.855 3 2.5 
14-May-15 polyphemus Rayonier R09 F - not definite 87 0 146 0.6328 3 2.25 
14-May-15 polyphemus Rayonier R10 M 106 0 212 2.0466 3 1.75 







2-Sep-15 polyphemus Rayonier R12 UNK 85 0 74 0.0895 2 0.75 
3-Sep-15 polyphemus Rayonier R13 M  0 268 3.158 3 1.75 
4-Sep-15 polyphemus Rayonier R14 F  0 259 3.5956 3 2 
4-Sep-15 polyphemus Rayonier R15 M 78 0 190 1.296 3 2 
4-Sep-15 polyphemus Rayonier R16 M  0 249 3.152 3 1.7 
4-Sep-15 polyphemus Rayonier R17 M  0 217 2.061 3 1.7 
5-Sep-15 polyphemus Rayonier R18 F  0 273 3.973 3 1.5 
5-Sep-15 polyphemus Rayonier R19 UNK  0 78 0.0925 3 1.1 
5-Sep-15 polyphemus Rayonier R20 F  0 291 5.645 3 1.5 
5-Sep-15 polyphemus Rayonier R21 UNK  0 119 0.3146 2 0.5 
5-Sep-15 polyphemus Rayonier R22 F  0 262 3.97 3 1.5 
6-Sep-15 polyphemus Rayonier R23 F 76 0 277 4.227 3 1.75 
7-Sep-15 polyphemus Rayonier R24 F  0 266 3.479 3 2 
7-Sep-15 polyphemus Rayonier R25 F  0 254 3.325 3 2 
9-Sep-15 polyphemus Rayonier R26 UNK  0 92 0.1558 7 3 
9-Sep-15 polyphemus Rayonier R27 UNK  0 138 0.5108 3 2.25 
9-Sep-15 polyphemus Rayonier R28 UNK  0 78 0.1074 5 2 
9-Sep-15 polyphemus Rayonier R29 F  0 198 1.5438 3 2.25 







10-Sep-15 polyphemus Rayonier R30 M  0 235 2.8722 3 2.25 
10-Sep-15 polyphemus Rayonier R31 F 80 0 222 2.216 3 2 
10-Sep-15 polyphemus Rayonier R32 M  0 253 3.098 3 2 
1-Sep-15 polyphemus Rayonier GEN01 F 90 0 199 1.5459 3 2 
4-May-13 berlandieri East TX01 F 11 0 185 1 5 0.5 
4-May-13 berlandieri East TX02 M 19 0 197 1.8 4 1 
5-May-13 berlandieri East TX03 F 9 0 140 0.5 3 1 
8-May-13 berlandieri West TX04 UNK 65 0 114 0.2 3 0.75 
8-May-13 berlandieri West TX05 F 59 0 170 0.7 3 1.25 
8-May-13 berlandieri West TX06 UNK 38 0 93 0.05 2 0.5 
8-May-13 berlandieri West TX07 UNK 77 0 104 0.12 3 1 
9-May-13 berlandieri West TX08 F 66 0 126 0.4 3 1 
9-May-13 berlandieri West TX09 M 63 0 129 0.35 3 1.25 
9-May-13 berlandieri West TX10 UNK 78 0 95 0.1 2 1 
10-May-13 berlandieri West TX11 M 78 0 134 0.45 3 1 
11-May-13 berlandieri West TX13 M 57 0 146 0.5 3 0.6 
11-May-13 berlandieri West TX14 F 62 0 118 0.25 3 1 
11-May-13 berlandieri West TX15 F 61 0 149 0.7 3 1 







13-May-13 berlandieri East TX17 F 2 0 121 0.25 3 1 
13-May-13 berlandieri East TX18 M 3 0 199 1.5 3 1 
13-May-13 berlandieri East TX19 F 4 0 162 1 3 0.5 
13-May-13 berlandieri East TX20 F 10 0 130 0.4 3 1.75 
13-May-13 berlandieri East TX21 M 19? 0 170 1.05 3 2 
13-May-13 berlandieri East TX22 F 11 0 178 1.2 3 2.25 
13-May-13 berlandieri East TX23 F/UNK 15 0 103 0.15 3 1.5 
14-May-13 berlandieri East TX24 F 8 0 160 0.9 3 1.25 
14-May-13 berlandieri East TX25 UNK 4 0 80 0-0.1 2 1.25 
14-May-13 berlandieri East TX26 M 4 0 187 1.2 3 1 
30-May-14 berlandieri CWMA CTX01 M 166 0 183 1.1 3 2 
2-Jun-14 berlandieri CWMA CTX02 F 180 0 116 0.25 3 2 
2-Jun-14 berlandieri CWMA CTX03 F 180 0 159 0.7 3 1.5 
3-Jun-14 berlandieri CWMA CTX04 UNK  0 80 0.12 2 1.25 
3-Jun-14 berlandieri CWMA CTX05 F  0 154 0.777 3 1.25 
4-Jun-14 berlandieri CWMA CTX06 UNK 177 0 107 0.2 3 2 
6-Jun-14 berlandieri CWMA  CTX07 M  0 185 1.25 3 2 
7-Jun-14 berlandieri CWMA CTX08 F 163 0 122 0.3 3 1.75 







8-Jun-14 berlandieri CWMA CTX10 M 165 0 196 1.25 3 2 
8-Jun-14 berlandieri CWMA CTX11 F 163 0 142 0.55 3 2.25 
10-Jun-14 berlandieri CWMA  CTX12 M 166 0 174 1.15 3 1.5 
11-Jun-14 berlandieri CWMA CTX13 F 166 0 157 0.7 3 1.75 
12-Jun-14 berlandieri CWMA CTX14 UNK  0 67 0.074 2 1.5 
13-Jun-14 berlandieri CWMA CTX15 UNK 169 0 81 .1-.2 3 1.5, 
1.75 
14-Jun-14 berlandieri CWMA CTX16 F 175 0 171 1.1 3 2 
15-Jun-14 berlandieri CWMA CTX17 UNK 168 0 89 .1-.2 2 1 
7/30/2012 morafkai Cave Buttes 2012097 F 507 0 250 3.05 3 0.75 
7/30/2012 morafkai Cave Buttes 2012098 M 492 0 240 2.2 6 ? 
7/30/2012 morafkai Cave Buttes 2012099 F 512 0 263 3 3 1.25 
7/30/2012 morafkai Cave Buttes 2012100 F 522 0 229 2.9 3 1 
7/30/2012 morafkai Cave Buttes 2012101 F 520 0 246 2.5 3 1 
7/31/2012 morafkai Cave Buttes 2012102 F 508 0 250 2.75 3 0.75 
7/31/2012 morafkai Cave Buttes 2012103 F 0 0 275  3 1.2 
7/31/2012 morafkai Cave Buttes 2012104 F 533 0 257 2.6 3 1.4 
8/1/2012 morafkai Sugar Loaf 2012105 F 704 0 242 2.5 3 ? 
8/1/2012 morafkai Sugar Loaf 2012106 M 732 0 245 2.4 3 1.25 







8/1/2012 morafkai Sugar Loaf 2012108 M 755 0 217 1.75 3 1 
8/1/2012 morafkai Sugar Loaf 2012109 M 765 0 244 2.5 3  
8/1/2012 morafkai Sugar Loaf 2012110 F 732 0 280 3.7 3 1 
8/3/2012 morafkai Sugar Loaf 2012111 M 696 0 266 3.4 3 1 
8/3/2012 morafkai Sugar Loaf 2012112 F  0 241 2.2 3 1 
8/3/2012 morafkai Sugar Loaf 2012113 M 704 0 244 2.6 3 1.25 
8/3/2012 morafkai Sugar Loaf 2012114 M 697 0 272 3.6 3 2 
8/3/2012 morafkai Sugar Loaf 2012115 F 697 0 230 2.6 3 2 
8/3/2012 morafkai Sugar Loaf 2012116 F 708 0 231 2.5 3 1.75 
8/3/2012 morafkai Sugar Loaf 2012117 M 716 0 206 1.7 3 1.5 
8/14/2013 morafkai Sugar Loaf AZ01 M 722 0 246 2.35 3 1 
8/14/2013 morafkai Sugar Loaf AZ02 F 730 0 252  3 ? 
8/14/2013 morafkai Sugar Loaf AZ03 F 701 0 256 2.9 3 1 
8/14/2013 morafkai Sugar Loaf AZ04 M 747 0 216 1.55 3 1 
8/14/2013 morafkai Sugar Loaf AZ05 F 764 0 254 3.4 3 1 
8/14/2013 morafkai Sugar Loaf AZ06 M 739 0 248 2.8 3 1 
8/14/2013 morafkai Sugar Loaf AZ07 F 744 0 233 1.95 3 0.5 
8/14/2013 morafkai Sugar Loaf AZ08 M 737 0 245 2.5 3 0.5 







8/15/2013 morafkai Sugar Loaf AZ10 F 735 0 241 1.95 3 1 
8/15/2013 morafkai Sugar Loaf AZ11 F 748 0 243 2.1 3 0.75 
8/15/2013 morafkai Sugar Loaf AZ12 F 706 0 238 2.25 3 0.5 
9/10/2014 morafkai Silverbell TU01 F 807 0 227 2 3 1.5 
9/10/2014 morafkai Silverbell TU02 M 755 0 252 2.75 3 1.75 
9/10/2014 morafkai Silverbell TU03 M 755 0 171 0.65 3 1.5 
9/10/2014 morafkai Silverbell TU04 F/UNK 714 0 133 0.25 2 1.5 
9/10/2014 morafkai Silverbell TU05 UNK 714 0 109 0.1 2 1.5 
9/10/2014 morafkai Silverbell TU06 M 702 0 247 2.55 3 0.75 
9/11/2014 morafkai Silverbell TU07 M 757 0 260 3.15 3 1.5 
9/11/2014 morafkai Silverbell TU08 F 738 0 221 1.8 3 1.75 
9/11/2014 morafkai Silverbell TU09 M 736 0 238 2.4 3 1.75 




9/12/2014 morafkai Silverbell TU11 F 764 0 245 2.4 3 0.5 
9/12/2014 morafkai Silverbell TU12 M 764 0 245 2.4 3 1.75 
9/12/2014 morafkai Silverbell TU13 M  0 249 2.45 3 1 
9/12/2014 morafkai Silverbell TU14 F 731 0 215 2 3 2.25 







9/13/2014 morafkai Silverbell TU16 M 743 0 225 2.1 3 1.75 
9/17/2014 morafkai Silverbell TU17 M 788 0 234 2.35 3 1 
9/17/2014 morafkai Silverbell TU18 M 803 0 246 2.3 6 2 
04/04/2011 agassizii El Dorado 20111 F 579 1 227  3 0.75 
04/15/2010 agassizii El Dorado 20109 F 619 0 218  3 1.75 
04/15/2010 agassizii El Dorado 201010 M 617 0 254  3 1.25 
04/15/2010 agassizii El Dorado 201011 M 621 0 221  3 1.75 
04/15/2010 agassizii El Dorado 201012 F 618 0 200  3 1.5 
04/15/2010 agassizii El Dorado 201013 F – not definite 593 0 180  3 1.5 
04/19/2010 agassizii El Dorado 201014 M 562 0 236  3 1 
04/19/2010 agassizii El Dorado 201015 F 562 0 225  3 1 
04/19/2010 agassizii El Dorado 201016 F 561 0 228  3 0.5 
04/19/2010 agassizii El Dorado 201017 UNK 565 0 143  3 1.75 
04/19/2010 agassizii El Dorado 201018 F 571 0 204  3 1 
04/19/2010 agassizii El Dorado 201019 M 607 0 218  3 1 
04/19/2010 agassizii El Dorado 201021 F 639 0 222  3 1.25 
04/19/2010 agassizii El Dorado 201022 F 624 0 222  3 0.75 
04/30/2010 agassizii El Dorado 201032 M 1001 0 260  3 0.75 







06/22/2010 agassizii El Dorado 2010107 F 673 0 212  3 1.75 
06/22/2010 agassizii El Dorado 2010108 M – not 
definite 
651 0 201  3 0.75 
05/04/2011 agassizii Fenner Valley 201151 M 1024 0 277  3 1 
05/04/2011 agassizii Fenner Valley 201150 F 890 1 226  3 0.75 
05/04/2011 agassizii Fenner Valley 201149 UNK 861 0 126  2 1 
04/27/2011 agassizii Fenner Valley 201134 M 856 0 213  3 0.75 
04/26/2011 agassizii Fenner Valley 201133 M 617 1 217  3 0.75 
04/26/2011 agassizii Fenner Valley 201132 M 921 0 178  3 1.25 
04/26/2011 agassizii Fenner Valley 201131 F 907 0 221  3 1 
04/26/2011 agassizii Fenner Valley 201130 M 885 1 238  3 1 
04/26/2011 agassizii Fenner Valley 201129 F 882 0 209  3 0.75 
06/06/2012 agassizii Fenner Valley 2012073 M 757 0 269 3.9 3 1.5 
06/06/2012 agassizii Fenner Valley 2012074 F 780 0 196 1.4 3 1.5 
6/27/2012 agassizii Red Cliffs 2012089 M 976 1 217 1.8 3 1 
6/28/2012 agassizii Red Cliffs 2012090 M 982 0 274  3 1.25 
6/28/2012 agassizii Red Cliffs 2012091 M 990 1 259  3 0.75 
6/28/2012 agassizii Red Cliffs 2012092 M 980 1 300 4.2 3 0.75 
6/28/2012 agassizii Red Cliffs 2012093 F 991 0 231 2 3 0.75 







6/28/2012 agassizii Red Cliffs 2012095 F 979 0 249 2.6 3 0.75 
6/28/2012 agassizii Red Cliffs 2012096 F 961 0 214 1.9 3 1 
8/31/2012 agassizii Red Cliffs 2012118 UNK  0 100 0.2 1.5 0.75 
8/31/2012 agassizii Red Cliffs 2012119 F  0 200 1.3 3 1 
8/31/2012 agassizii Red Cliffs 2012120 M  0 210 1.4 3 0.75 
8/31/2012 agassizii Red Cliffs 2012121 F  0 224 2 3 1 
8/31/2012 agassizii Red Cliffs 2012122 F  0 170 0.9 3 1.25 
8/31/2012 agassizii Red Cliffs 2012123 M  0 228 1.8 3 1 
8/31/2012 agassizii Red Cliffs 2012124 UNK  0 121 0.3 1.5 0.5 
8/31/2012 agassizii Red Cliffs 2012125 M  0 248 2.5 3 1.25 
9/4/2012 agassizii Red Cliffs 2012136 M 1091 0 265 3.4 3 1.5 
9/4/2012 agassizii Red Cliffs 2012137 F 1084 0 235 2.5 3 1.5 
9/4/2012 agassizii Red Cliffs 2012138 M 1086 0 278 4 3 1 
9/4/2012 agassizii Red Cliffs  2012140 M 1105 0 271 3.9 3 1.25 







The following description applies to all the tables in Appendix B. The content row 
explains what type of sample it is (unkn = unknown, positive control = std, negative 
control = NTC). The sample row gives the name of the sample used in the study. In all of 
the runs, Mag symbolizes M. agassizii and Mte symbolizes M. testudineum. The third 
row indicates the quantitation cycle (Cq) value; an empty cell indicates that the sample’s 
mycoplasmal DNA content was insufficient. For positive controls, the last row signifies 




















Table B1. qPCR run of Gopher tortoise samples with standards (std) and no template 










Table B2. qPCR run of Gopher tortoise and Texas tortoise samples with standards and 







Table B3. qPCR run of Texas tortoise samples Refuge samples with standards and NTC 









Table B4. qPCR run of Texas tortoise and Sonoran Desert tortoise samples with 







Table B5. qPCR run of Sonoran Desert tortoise samples with standards and NTC testing 






Table B6. qPCR run of Sonoran Desert tortoise samples with standards and NTC testing 










Table B7. qPCR run of Sonoran Desert tortoise samples with standards and NTC testing 











Table B8. qPCR run of Sonoran Desert tortoise samples with standards and NTC testing 





Table B9. qPCR run of Texas tortoise samples with standards and NTC testing for the 








Table B10. qPCR run of Texas tortoise samples with standards and NTC testing for the 








Table B11. qPCR run of Sonoran Desert tortoise and Texas tortoise samples with 








Table B12. qPCR run of Sonoran Desert tortoise and Texas tortoise samples with 






Table B13. qPCR run of Mojave Desert tortoise samples with standards and NTC testing 








Table B14. qPCR run of Mojave Desert tortoise samples with standards and NTC testing 






Table B15. qPCR run of Mojave Desert tortoise samples with standards and NTC testing 
for the presence of M. agassizii. 
 
Table B16. qPCR run of Mojave Desert tortoise samples with standards and NTC testing 





Table B17. qPCR run of Mojave Desert tortoise samples with standards and NTC testing 






Table B18. qPCR run of Mojave Desert tortoise samples with standards and NTC testing 







Table B19. qPCR run of Mojave Desert tortoise samples with standards and NTC testing 








Table B20. qPCR run of Mojave Desert tortoise and Sonoran Desert tortoise samples 









Table B21. qPCR run of Mojave Desert tortoise and Sonoran Desert tortoise samples 








Table B22. qPCR run of Mojave Desert tortoise and Sonoran Desert tortoise samples 





Table B23. qPCR run of Gopher tortoise samples with standards and NTC testing for the 












Table B24. qPCR run of Gopher tortoise samples with standards and NTC testing for the 





Table B25. qPCR run of Sonoran Desert tortoise and Mojave Desert tortoise samples 










Table B26. qPCR run of Sonoran Desert tortoise and Mojave Desert tortoise samples 










Table B27. qPCR run of Mojave Desert tortoise samples with standards and NTC testing 





Table B28. qPCR run of Sonoran Desert tortoise, Mojave Desert tortoise, and Texas 











Table B29. qPCR run of Sonoran Desert tortoise, Mojave Desert tortoise, and Texas 





Table B30. qPCR run of Sonoran Desert tortoise, Mojave Desert tortoise, Gopher 






Table B31. qPCR run of Sonoran Desert tortoise, Mojave Desert tortoise, Gopher 






Table B32. qPCR run of Gopher tortoise samples with standards and NTC testing for the 












Table B33. qPCR run of Gopher tortoise samples with standards and NTC testing for the 





Table B34. qPCR run of Gopher tortoise samples with standards and NTC testing for the 











Table B35. qPCR run of Gopher tortoise samples with standards and NTC testing for the 






Table B36. qPCR run of Gopher tortoise samples with standards and NTC testing for the 











Table B37. qPCR run of Gopher tortoise samples with standards and NTC testing for the 












Table B38. qPCR run of Gopher tortoise, Texas tortoise, Mojave Desert tortoise, and 











Table B39. qPCR run of Gopher tortoise, Texas tortoise, Mojave Desert tortoise, and 







Table B40. qPCR run of Mojave Desert tortoise and Sonoran Desert tortoise samples 












Table B41. qPCR run of Mojave Desert tortoise and Sonoran Desert tortoise samples 












Table B42. qPCR run of Mojave Desert tortoise samples with standards and NTC testing 







Table B43. qPCR run of Mojave Desert tortoise samples with standards and NTC testing 






Table B44. qPCR run of Mojave Desert tortoise, Sonoran Desert tortoise, Gopher 










Table B45. qPCR run of Mojave Desert tortoise, Sonoran Desert tortoise, Gopher 











Table B46. qPCR run of Texas tortoise samples with standards and NTC testing for the 







Table B47. qPCR run of Texas tortoise samples with standards and NTC testing for the 
presence of M. testudineum. 
 
 
 
